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[57] ABSTRACT 

An apparatus used for quality control in the plastics 
recycling industry for quality control of recycled post 
consumer clear plastics beverage containers by their 
ultraviolet black light reflected color, and sends infor- 
mation to a personal computer connected by analog to 
digital port that compiles a report by software in the 
P.V.C. contaminants content of a grain sized probe 
sample of ground P.E.T. material. The apparatus has a 
photomultiplier tube fitted with a filter capable of 
blocking the nanometer light wavelength region re- 
flected ultraviolet black light color of P.E.T., allowing 
the reflected color of P.V.C. to pass through the filter 
to allow detection and removal of the P.V.C. The 
apparatus is able to detect and remove material that is 
not within a predetermined nanometer region of re- 
flected ultraviolet black light stimulated color, and by 
computer software generate a report by analyzing ana- 
log to digital logic circuit data on the color region con- 
tent value of the test sample, The apparatus is useful in 
determining the amount of contaminants in random 
samples of clear plastic ground containers. 

7 Claims, 8 Drawing Sheets 
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COLOR REGION ANALYZER FOR DETECTING 
AND SEPARATING POLYVINYL CHLORIDE 
FROM POLYETHYLENE TEREPHTHALATE 



BACKGROUND 

1. Field of Invention 

This Invention relates to the Plastic Recycling Indus- 
try for quality control in detection of clear polyvinyl 
chloride (P.V.C.), bottles ground with clear polyethyl- 
ene terephthalate, (P.E.T.), bottles. 

2. Description of Prior Art 
P.E.T, (polyethylene terephthalate) as clear plastic 

containers. 

P.V.C (polyvinyl chloride) as clear plastic contain- 
ers. 

Both materials are post consumer, curb side recycled 
products. 

To my knowledge, except for visual inspection under 
ultra violet black light and dying the material in ques- 
tion with a solvent to etch the P.V.C with dye and then 
visual counting the dyed chips by hand, done only as a 
means of rejecting entire loads of material if any P.V.C. 
is found. To this date there has been no method to de- 
tect and remove P.V.C grinds from P.E.T. grinds. I 
have been advised that the two products being acci- 
dently ground together is the greatest problem in the 
plastics recycling program. 

A single P.V.C bottle in a 1000 lb Gaylord box re- 
sults in approximately 350 parts per million of contami- 
nation, the accepted level is 0 parts per million. If the 
material goes undetected and is subjected to the process 
temperature of P.E.T. it turns black and can release 
toxic fumes that have paralyzed people. 

Until now no one has developed a method to detect 
and remove the P.V.C. contaminant. Omtaminated 
material can not be used for its first intended purpose. 

The apparatus I wish to protect by patent and bring 
to market does and will lead to equipment that will 
allow the detection and removal of P.V.C. from P.E.T., 
in grind and whole bottle separation, it is not an expen- 
sive process and no additives or harmful radiation are 
needed. 

In March of 1993 as stated in Disclosure Document 45 
No. 341610 filed Oct 25, 1993 and Disclosure Docu- 
ment No. 338121 filed Sep. 3, 1993 after producing a 
load of ground P.E.T. material and having it rejected 
for having P.V.C ground in it and being told that if we 
observed the two materials under ultraviolet black light 50 
that there was a slight difference in the two matf-rialy 
color. After viewing the material I noticed that polyeth- 
ylene terephthalate appeared blue color and polyvinyl 
chloride appeared an amber/gold color. At that time I 
began to test for ways to electronically detect the color 55 
differences caused by the different materials in ultravio- 
let black light. 

Purposes and Advantages of Invention 

The Color Region analyzer can be set to trigger the 60 
removal by vacuum at any color value preset within its 
circuit, This even allows the same product to be graded 
by different reflected ultra violet stimulated color val- 
ues. It can see any ultra violet black light stimulated 
color in its lowest photon energy and allow only a 65 
preset color value to be removed by the removal cir- 
cuit. Thus it allows the detection and removal of P.V.C 
material from P.E.T. material and further allows the 



P.E.T. material to be graded on its color energy and 
generates data on the test material. 

Other filters can be used for other color products as 
long as the filters that are chosen cause the wanted 
5 products light to be blocked or lowered in intensity 
below the unwanted materials intensity by one of the 
filters. 

The Color region Analyzer uses no chemicals or 
harmful radiation in its process and creates no hazard- 
10 ous environment for any worker. It runs on 120 volts 
AC as its supply voltage, and will allow much more 
recycled material to be reused, instead of going to a land 
fill. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded view showing the elements of 
the Color Region Analyzer, 
FIG. 2 is a detailed view of the optical elements 
FIGS. 3A, 3B, 3C, 3D, 3E, show approximate ele- 
ment placement location in relationship with the cabinet 
housings. 

FIGS. 4A, 48, 4C, 4D and 4E, are other views of the 
elements to help in understanding these components 
and their relationship to each other. 

FIG. 5 is a graph that details the filters ability to 
transmit light as photon energy and the percent of light 
allowed to pass through each light filter at a given 
wavelength in nanometers. 

FIG. 6 is a flow chart showing the operational order 
of a software program working from information trans- 
mitted by the invention and the result 

FIG. 7 is a schematic diagram of the logic board to 
aid in understanding of the electrical logic components. 

FIG. 8 is a drawing of the vacuum container showing 
the tubes, chambers and filter baskets. 

Element numbers used in the drawings 

All element numbers are the same fort all figures and 
start at the number 10 and continue to number 51. 

Element numbers on all drawings indicate the follow- 
ing: 



10; cabinet 

11; P.M.T. housings 

12; vacuum unit 

13; power supply, Astec 

14; relays 

15; filter 

16; controls 

17; vacuum assembly 

18; belt drive 

19; ultraviolet black light 

20; mirrors 

21; logic board 

22; vacuum, fines remover 

23; photon multiplier tube 

24; vacuum valve 

25; filter holder 

26; gaskets 

27; mirror assembly 

28; mirror adjustment screws 

29; material conveyor belt 

30; vacuum output ports 

31; power supply, Bertan 

32; power supply, Power One 

33; vacuum, reject tube 

34; vacuum, final tube 

35; conveyor belt holder 

36; materia] hopper 

37; optocouplers 

38; silicone controlled rectifiers 

39; operational amplifiers 

40; resistor bridge 
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-continued again linearly till about 5930 nano meter. The graph also 

■ — — — — — — — — — — — shows where the Visible light region appears.. 

41; air niter basket FIO £ 
42; shop vacuum port 

43; divider plates FIG. 6 illustrates the Color Region Analyzers pro- 

44; intake ports 5 cess and operational order, as a block flow chart, show- 

45; vacuum chamber ing actions and prompts given by a computer connected 

4^ fflte^te* by a dual anal0 * S 31116 P ort 10 Color Re g»on Analy- 

48 ! Ught fitting diode 261 10 a ^ ow monitoring and reports from the informa- 

49- game port series resistor tion being sent by the photon multiplier tube, relays and 

50, panel switch 10 logic board. 

SI; output to port PIG. 7 

FIG. 7 is a pictorial schematic of the logic; board 

, showing the connections from the power supplies (31) 

DETAILED DESCRIPTION to the photon multiplier tubes (23). The voltage output 

FIG. 1 15 of the photon multiplier tubes connected to a resistor 

FIG. 1 is an exploded view showing the cabinet (10) bridge containing ten resistors (40) with a connection 
that houses the photon multiplier tube holders (11), the made between each resistor to a operational amplifiers 
photon multiplier tube (23), these parts are mounted to ( 39 ) averting input and the non inverting input con- 
the rear side of the partition welded to the center of, as nected t0 P 0 ™* state of, the photon multiplier tube 
part of the cabinet (10). Mounted to the front of the 20 W withm mat bridges circuit, then from the outputs of 
photon multiplier tubes (11) holders and cabinet parti- tbe operational amplifiers to the silicon controlled recti- 
tion is the mirror assembly (27), with the filters (15) and fiers < 38 > md optocouplers (37). The optocouplers (37) 
filter holders (25). Placed also in the front section of the ^ ? u * uts .** Peeled across a resistor (49) con- 
cabinet (10) is the belt drive (18) and belt holder (35), „ nected m ^ of 5^ s l ors ' oon 2? *■ *° m 
and the vacuum removal tubes (17), and a 24 inch 20 25 computers game port 5 VDC output (51) to the game 
watt Ultra Violet Black Light (19). Mounted to the P° m P ad ^e input (A or B), thus causing the resistor to 
angledfrontof thecabinet(10)isthecontrol panel (16) * nul1 w . hen * e °Ptpcouplers (3^ triac is turned on, 
and the material hopper (36). The power supplies * dWp V^°1 ^ "~ » 

(32,13,31) and the conSol relkys (21) are mounted Mde w voltage to the gmepo^ (51) analog mput changing the 
the rear area of the cabinet (10). 30 value ofthegmer^rts digital value. Each of the twenty 

Pjq 2 operational amplifiers outputs are also connected to 

FIG! 2 is a exploded, cutaway view of the photon 2^ sUic ° n controlled rectif \ ers W f tes one 

multiplier tubesTouskg (11) and n£r7r atembfy (2? ^connected * 0U f ° UtpUt) W ^ ^ gOCS 
up » tuu« v"^ diw iuinor awemwy v*/j. high the gate closes and current travels to a light emit- 

This Drawing dlustrates how ultra viotet black light 35 (48) ^ a switch (50) ^ ^ ( jg ^ 

SoV^^ and 8 if the L4h is turned and passes current to cSse 

held by the belt holder (35) directly in front of the vac- ^ valve (24 \ t0 0Den *^ 

™T ^^ffi^^^r^^ Fia 8 ^^trateVmree air filters (41) each with a 
vacuum reject tube (33), the reflection from the chip single k t ort (44) ^ separated by a partition (43) 

2Zt!^^ 40 ^twe^^chTteV a^ to noVaUow anyoth!* material to 
Sf^SiTSi W ^ VST* ieMW W «■« bm ^ single port opening, held in such 
SZlEJSff ^f g ^ C ? tt^^f a way to catch all material passing through the port (44) 
«u ^ w^ou P + °\^r dU ^S y t0 be stained within me W, a cover (46) over each 
toough die filter (15) mto die Photon Multiplier ^ filter so as to allow one filter to be opened at a time, 
(23). A closed ceU foam rubber gasket material (26) is 45 preventing material from accidently being mixed with 
Placed around aU inner components to seal off and ^ other holding cells. A single output (42) is con- 
prevent any ote light from entenng the assembly. nected to a vacuum source such as a shop vacuum 
rlKjr. 3A, 3B, 3C, 3D, 3E cleaner 
FIG. 3A, 3B, 3C, 3D and 3E illustrates the placement 
of all fonnentioned parts location within the cabinet and so Novel Features 
are referred to by element number in the specification. The feature that is novel is the photon multiplier tube 
S?' 1a' « *?A ^^/Ft, , fi"ed with a color blocking filter, (FIG. 2). With the 
FIG. 4A, 4B, 4C, 4D and 4E illustrates a view of photon multiplier tube and the filter connected in a 
components from the isometric view and are referred to manner that does not allow any light to enter except 
^^e 1 * numbcr m sP^cation. 55 through the filter (11) and the filter (15) blocking any 
SS' f . t_ ^ . other reflected ultra violet black light stimulated color 
FIG. 5 is a graph that illustrates the two filters placed but the color in question (FIG. 5), It is in this novel 
in front of each Photon Multiplier Tube, there is only feature that allows the material in question to be de- 
one filter in front of each photon multiplier tube. The tected, and provides a output current, by allowing the 
graph shows that the B+W 092 filter mounted in front 60 wavelength of color to enter the photon multiplier tube 
of one photon multiplier tube only detects: light from as electro magnetic radiation or photon energy, (FIG. 
650 nanometer beyond 1000 nanometer in wavelength. 2), and striking the cathode of the photon multiplier 
The other filter B+W 403 only allows the Photon Mul- tube (23), causing a linear release of photon energy 
tiplier Tube mounted behind it to detect light from 180 exponentially within the photon multiplier tube as each 
nanometer increasing linearly to 350 nanometer then 65 plate is struck twice the photon energy is released to the 
decreasing linearly to 410 nanometer and no detection next plate, the final anode plate is multiplied to the tenth 
again until about 710 nanometer in wavelength raising power from the photon energy being reflected into the 
linearly to about 15% at 760 nanometer and decreasing photon multiplier tube, and the photon energy causes a 
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current between the final dynode and anode of the 

photon multiplier tube that is applied to the balance Material tested 

bridge in the detection circuit, (FIG. 7), connected to Over 2000 lbs of ground flake material obtained con- 

the analog to digital converter in the game port and the taminated with different clear P.V.C post consumer 

removal circuit 5 bottle products sent from all over the Eastern United 

Construction States from curb side pick-up were used to test for the 

Construction and testing on the Color Region Analy- ability to detect P.V.C. contamination placed into the 

zer for utilizing the filtered Photon multiplier tubes for P.E.T. flake, all test material was ground in the same 

testing grain probe sized samples taken from 800 to 1000 grinder as the P.E.T. the material was placed in water 

lb, Gaylord boxes to check for any amounts of P.V.C. in 10 ^ im ^ d d* 50 washing soap separated, (the clear grind 

the samples and obtain a report via computer soft ware su ^ cs to ^ c bottom, the label and base cup floats), the 

to later be offered to customers as a quality control was skimmed off the clear flake was dried before 

report of fitness of the product began on Aug. 11, 1993 ™s « basically the same process used to clean the 

and continued until Nov. 3, 1993 when continuous test- flakc m Industrv 

ing proved further improvements were not necessary. 15 Description of Operation 

All construction was done by myself the Inventor. w A . . . . , . , , „ . 

Many types of photo detectors were tested using „ Mat f * pk , ced m * e ho ^ T W> *» 6 * e 

different resistor values and color filters. After trying te persoiial confute: is on, jOi program 

different circuits and methods of conveying the ma™ 20 ^^^^S^' to ^ ft < © b ft? 

it was evident that many methods would work, thus I 20 5™"f ^^"^Z!!?^ 

duce and be the most accurate for the purpose intended. (19) ^ proje cted onto the material on target JeL 
I did all the software program wntir^ although with Serial or chips reflection E*£t wS S 
*e analog to digital logics type of output it is certain 25 ^ k reflccted £ to ^ coJor mtered (15) 
that many software programs and logic applications can multiplier tubes, (FIG. 2 element 23). If the reflected 
be CTeated. ultra violet black light color is not blocked by the red 

The cabinet and component supports are all made of filter (15)on the photon multiplier tube then a linear 
metal and the entire cabinet front area were the con- reaction takes place within the photon multiplier tube 
veyor and ultra violet black light is placed is completely 30 and a current output is released between the final dy- 
sealed from outside light node and the anode, see FIG. 7, if the output has an 

Further testing for other applications enough magnitude to create imbalance in the balance 

In testing for bridge then the operational amplifier changes state and 

a) Possible response timing of the operational ampli- places a current on the gate of the silicon controlled 
fier circuit, 33 rectifier and a light emitting diode and also to the game 

b) The photon multiplier tubes response to fast mov- port on the personal computer by triggering a optocou- 
ing particles, pier that shorts a resistor causing a higher voltage to 

c) Encoded spinning mirror to cover wider belts flow into the game ports analog to digital converter that 

d) Encoded conveyor belt with location feed back for the software monitors to compile a data report 
multi vacuum tube removal 40 If the corresponding switch on the control panel (16) 

e) Multi layered material has been selected, applies current to the vacuum re- 
0 Whole bottle detection moval valve (24) the circuit remains on until the mate- 
g) Other material detection in other light* rial creating the response has been removed and is not in 
The following was found die target area. 

a) The operational amplifier remained stable reading 45 ^ e Color Region Analyzer separates the material 
at 10 HHZ mto three filter baskets (FIG. 8), basket one contains 

b) When the photon multiplier tube was sampled on a v ^ fme (small) particles and any dust and label mate- 
BIOMATION sampling oscilloscope the photon Basket two contains any material rejected by the 
multiplier tube operated at 77 MHZ c) and d) P hoton multiplier tubes removal circuit and some 
When an encoded spinning mirror was placed at 45 50 RE T * vacuum removed because it was also 
deg, from a 24" wide strip of pre-located inked at the removal location at the time the P.V.C. 
particles the location of the P.V.C. chips being ™ de ^ ttd ' Ba ^* va ? uum cleans * e 
reflected into the filtered PMT to the belts location £ t £*2 mtaa,s * e P E T - Passed as not contain, 
was correct. 



ing P.V.C. 



e) The red filtered PMT read through 0.5" of clear 55 in J? vLwS^ ******* ™* er 

ppt ,>Wc o«h a+*~**-a . - n f-Tc,, v\rn Ultra Violet Black Light after the test was complete, 

II^^tT^ Zt C P * e material from baskettwo, the rejected material wal 

placed 1 under ^the ^T. chips found to have only one third of the material to be 

0 iLf! M g ™ fii a ^L! 116 t^T T Jr t PV C &c rest was PET - * e ^ amount rejected 

with a No. 092 filter under ultra violet black light ^ was proportionate to the amount of P.V.C in total 

detected a whole P.V.C drinking water bottle contamination. Thus if there were 20 P.V.C chips 

under 2 P.E.T. pop bottles with labels and base about 60 to 70 total chips were pulled by the vacuum 

cups,a clear P.V.C. chip 0.375" was detected in the system at the point of rejection the material was then 

black base cup of a labeled P.E.T. bottle (not dyed dark blue colored solvent and rinsed and visually 

through the black base cup) 65 separated and melted on copper wire in a flame test to 

g) Using the red filtered PMT and low white light it be sure it was P.V.C, P.V.C will cause the flame to 

was discovered that the PMT could detect yellow burn bright blue. It was also discovered that some 

pigmented chips from green pigmented chips P.V.C does not appear amber/gold but was rejected. 
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tection and removal), thus processed material will not 
go to a land fill. 

Keeping in mind that plastics are mostly a product of 
oil, a great energy savings should also result by the 
ability to return recycled plastic to the market place and 
the energy not consumed from manufacturing the 
amount of material returned for its first intended use. 

Although the description contains much anticipation 
of other devices that this Invention could and will make 
possible with further application, their are still far more 
applications that require the ability to analyze the slight 
or varied differences in reflected or generated light in or 
out of the visual light spectrum, it is anticipated this 
device can be used with many other light sources with 
15 other types of light filters for monitoring electro mag- 
netic radiation that is generated by chemicals reactions 
generating photon energy. 
I claim: 



10 



The material from basket three the "passed" material 
was tested in the same manner, in earlier tests some 
P.V.C was found, a very small amount, but once it was 
learned that was P.V.C., and its color energy value 
preset was to be set at for removal, their has been no 
P.V.C appearing in the third basket, the material that 
was allowed to pass by the removal area, in the past 
2972 tests. 

Novel feature 

The manner in which the Color Region Analyzer is 
able to detect one material color from another, in very 
low level ultra violet blacklight, is done by Photon 
multiplier tube fitted with a color wavelength blocking 
filter, 

A Photomultiplier tube is one of the most sensitive 
photodetectors available. A cathode is maintained at a 
large negative voltage and coated with a photoemissive 

material and ten dynodes, maintained at successively „ . 

more positive voltes. The final anode h^u3 20 1 *° ^ "^J 

througha resistor * .ground material which contains at least two types of 

A photon of energy enters and strikes the cathode ^Sf?^!^ "^f? °f polyethylene 
ejecting two photoelectron for each photoelectron terephthalate and polyvinyl chlonde free of floatables, 
striking, these electrons are accelerated striking the first camp™™* xl _ 
dynode and releasing two photoelectron for each pho- 25 means for simultaneously irradiating the ground ma- 
toelectron striking the first, all these electrons are accel- 
erated to the second dynode where each strikes the 
surface with sufficient energy to again eject twice the 
electrons this process is repeated for each dynode until 
the electrons that reach the anode are greatly multiplied 30 
in number, where they constitute a current through the 
resistor, Thus, the photon multiplier tube has a gain 
associated with its detection, one single photon striking 
the cathode may result in a million electrons at the 
anode. 35 

The spectral response is determined by two factors. 
The first is the response of the photoemissive material 
coated on the cathode The second is the filter through 
which the electro magnetic radiation must pass thus if 
the filter does not allow light of a certain wavelength to 40 
pass there will be little to no reaction, the wavelength 
that is allowed to pass will have a reaction, thus by 
covering both ends of the visible light spectrum a blue 
chips light is blocked by the red filter thus only the blue 
filtered photon multiplier tube will have a response to 45 
the blue light reflected from the chip, if the material 
contains red/amber light the blue filtered photon multi- 
plier tube does not respond to the red/amber light en- 
ergy, but the red filtered photon multiplier tube will. 
Testing has shown that the closer the color is in spec- 50 
trum to the blue filtered photon multiplier tube the 
greater linearly the blue filtered photon multiplier tube 
detects the material and the less linearly the red filtered 
photon multiplier tube detects the material, 



terial with electromagnetic radiation; 
means for reflecting electromagnetic radiation re- 
flected by the material as photon energy; 
a pair of color filter means for receiving the electro- 
magnetic radiation reflected by the reflecting 
means, each color filter means designed for the 
extinction of electromagnetic radiation at given 
nanometer wavelength regions; 
a pair of photodetector means for producing electri- 
cal output signals in response to incident electro- 
magnetic radiation, wherein one of the filter means 
is placed directly in front of each of the photode- 
tector means; 
electronic circuit means connected to the photode- 
tector means for measuring the level of incident 
electromagnetic radiation; 
removal circuit means connect to the electronic cir- 
cuit means for removing the material found to be 
unacceptable as a result of the level of electromag- 
netic radiation incident on one of the photodetec- 
tor means and depositing the removed material in a 
holding chamber; and 
a computer means for monitoring signals from the 
electronic circuit means and compiling a report on 
the quality of material based on output signals from 
the photodetector means representative of the elec- 
tromagnetic radiation passed through the color 
filter means. 

The apparatus of claim 1, wherein each phot ode- 



It should be noted that millions of pounds of plastics 55 tector means has a separate housing and the reflecting 
are sent to land fills every year, this device will enhance means comprises a mirror positioned at substantially 45 
our environment by making it more possible to recycle degrees with respect to an axis passing through each 
plastic bottles, because of the certain ramifications that associated photodetector and filter 
a device capable of detecting and removing contami- 3. The apparatus of claim 1, wherein the irradiating 
nates from ground material and further being applied to 60 means comprises an ultraviolet black light source, 
the removal of contaminates from other recycled plas- 4. The apparatus of claim 1, wherein at least one of 
tics, such as contaminates in ground natural milk bottles the photodetector means is a photomultiplier tube and 
(H.D.P.E), etc., the application of this Invention will at least one of the color filter means is a color filter 
cause more material to be returned to its first intended fitted to the photomultiplier tube and designed to block 
purpose, thus, saving our natural resources that would 65 the electromagnetic radiation reflected by polyethylene 
have been consumed to create the material that now can terephthalate materials, said photomultiplier tube de- 
be returned to market by recycling and precessing by tects electromagnetic radiation reflected by polyvinyl 
this device's further applications (multi streams of de- chloride materials as photon energy and produces an 
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5. The apparatus of claim 1, wherein at least one of 
the photodetector means is a photomultiplier tube and 
at least one of the color filter means is a color filter 
fitted to the photomultiplier tube and designed to block 
the color generated by polyvinyl chloride materials, 
said photomultiplier tube detects electromagnetic radia- 
tion reflected by good quality polyethlene: terephthal- 
atc materials as photon energy. 

6. The apparatus of claim 1, further comprising a 
motor driven mechanical conveyor belt for conveying 
the material, said belt passing under a funnel ed hopper 
with an opening between the hopper and the belt as to 
allow the material to be deposited onto the conveyor 
belt and passed in front of the irradiation means and 
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15 



under an optical opening of the filtered photodetector 

means and a vacuum removal port. 
7. The apparatus of claim 1, further comprising: 
housing means comprising a front area sealed from 
ambient light and containing the irradiating means, 
a conveyor, a vacuum valve and material removal 
tubes; and a rear access area closed from the front 
area and sealed from ambient light for housing 
circuits, power supplies and the photodetector 
means; 

a control panel on the front area of the housing means 
for setting parameters of the removal circuit 
means; ft^d 

a hopper with an opening in an upper portion thereof 
to accept ground material and an opening in a 
lower portion thereof to distribute a layer of the 
ground material on the conveyor in the front area 
of the housing means. 

* * * * * 
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